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INTRODUCTION
Postoperative recovery after surgery and anaesthesia has been traditionally evaluated by pain scores, physiological measures, recovery times, length of hospital stay, incidence of adverse events (morbidity and mortality) or return to normal daily activities.
1 These outcomes, however, are dependent on disease-specific or site-specific operative Revista Científica da Ordem dos Médicos www.actamedicaportuguesa.com procedures, as well as external factors, such as institutional practice, organizational structures and different health care systems-related circumstances. 2, 3 Quality is a central issue in the speciality of anaesthesia, 4 and measurement of the quality of postoperative recovery from a patient perspective is recognised as an important outcome measure in scientific studies. 1, 5 Although there is still no agreement about a 'gold standard' on how to evaluate performance, recovery and patient satisfaction, several rating scales have been developed and validated to measure quality of recovery after anaesthesia and surgery, including the quality of recovery score-40 questionnaire (QoR-40) and its short form version (QoR-15). [6] [7] [8] [9] [10] However, these patient-reported scales do not address cognitive recovery. This is a dimension known to be influenced by anaesthesia and increasingly recognized as a major morbidity factor but that may not fall within the patient's conscious experience. Furthermore, these instruments (QoR-40 and QoR-15) were primarily designed for inpatients and some aspects of care for these patients may not be applicable for ambulatory care.
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The Postoperative Quality Recovery Scale (PostopQRS) developed by Royse et al 12 is a brief instrument that enables the assessment of recovery over time from immediate recovery to long-term follow-up. The initial validation of the scale included baseline measurement before surgery and repeated measurements at 15 minutes (T15), 40 minutes (T40), day 1 (D1) and day 3 (D3) after surgery. The scale measures six recovery domains including physiological, nociceptive, emotive, cognitive, activities of daily living and overall patient perspective. Baseline measurements are critical to the use of the tool as the definition of recovery adopted by the PostopQRS group is "return to baseline values or better". PostopQRS is not a summative score, but is indicative of whether patients have either recovered or not, based on the return, at least, to the baseline in each of the domains. 12 The scale has demonstrated correspondence to what is known and expected from the clinical experience. Moreover, the PostopQRS is able to discriminate recovery in different domains, is easy to use and valid for children aged six years or older, has a low patient refusal rate, can be administered face-to-face or over the telephone and most importantly allows the assessment of the effects of surgery from both clinician and patient perspectives. [12] [13] [14] An observational study using the Portuguese version of the PostopQRS was conducted with the objective of primarily assessing the quality of recovery in patients treated with different neuromuscular blocking reversal agents and validation as an exploratory objective.
MATERIAL AND METHODS

The PostopQRS
The PostopQRS was originally developed by a research group of nine anaesthesiologists and two neuropsychologists, with the assistance of one statistician. The initial validation focused on feasibility and face validation, and included 701 patients from eight countries (Australia, Canada, France, Germany, Mexico, United Kingdom, United States and China). 12 The acronym for the scale (PQRS) was changed by the authors to PostopQRS in 2014 (personal communication Colin Royse).
Content validation was performed by the PostopQRS authors using the process described previously. 12 In this study, content validation was assumed and no further testing for content validation in Portuguese was conducted.
A forward-backward translation of the initial version was performed by Marques A and a panel of Portuguese anaesthesiologists using the guidelines proposed by Guillemin et al, 15, 16 which was then accepted by the authors of the original scale (see appendix for the questionnaire used) (Appendix 1: https://www.actamedicaportuguesa. com/revista/index.php/amp/article/view/9451/Appendix_01. pdf).
The six domains of recovery included in the PostopQRS instrument 12 are shown in Table 1 . Baseline measurements of the PostopQRS were conducted up to 14 days before surgery. After the end of surgery the PostopQRS was repeated at 15 minutes (T15), 40 minutes (T40) and also at days 1 (D1) and 3 (D3). The PostopQRS was conducted face-to-face for baseline, T15, T40 and D1 and D3 assessments if the patient was still in hospital; otherwise it was conducted via telephone interview once the patient was discharged. PostopQRS is not a summative score, it indicates whether patients have either recovered or not based on, at least, the return to baseline in each domain.
Following a human volunteer study, the cognitive scoring was modified by including a tolerance factor for each question to account for normal performance variability. 18 In this analysis the original cognitive scoring technique was used to be consistent with the previous publication of this dataset, 17 and the original validation study.
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Design and study population A convenience sample of 101 adult patients (18 years or older) undergoing elective surgery requiring general anaesthesia with non-depolarising muscle relaxants and the use of neuromuscular blockade (NMB) reversal agents (neostigmine or sugammadex) at two Portuguese tertiary centres (Hospital de Santo António in Porto and Hospital da Luz in Lisboa) participated in the study from June to November 2012. The choice of drugs used for pre-medication and anaesthesia as well as the use of neuromuscular transmission monitoring was left to the discretion of the anaesthesiologist in charge of the patient. Neostigmine was routinely used as a NMB reversal drug by anaesthesiologists from Hospital de Santo António, and sugammadex was routinely used as a reversal agent by anaesthesiologists from Hospital da Luz. Both hospitals, however, had similar protocols for anaesthesia, analgesia, and management of postoperative nausea and vomiting. All participants were Portuguese native speakers and included male and female patients, aged 18 years or older, scheduled for otolaryngology, gynaecological and abdominal elective surgical procedures. Exclusion criteria were American Society of Anesthesiologists (ASA) physical status ≥ 4 and the presence of any psychiatric disease that interfered with the patient's decision and ability to participate. The study was conducted in daily practice conditions. 17 The study protocol was approved by the Ethics Committee of the participating hospitals: Ethical Committee of Hospital de Santo António, Porto, Portugal on 11 June 2012 and by the Ethical Committee of Hospital da Luz, Lisboa, Portugal on 31 May 2012. All patients gave written informed consent. This paper reports the subanalysis of the previous study but related to instrument validation. 17 The PostopQRS was administered face-to-face during the patient's stay in the hospital and by telephone after discharge, mostly at D3 timepoint. The telephone contact was included to capture time points after hospital discharge, sparing the patient the burden and cost of an additional hospital visit to perform the tests. To help standardize the telephone assessment, the 'faces' diagrams pertaining to questions were supplied to the patients to use at home. Physiological domain was not assessed at D3. The nine items of the physiological domain were scored at three levels (3: values fell into accepted ranges; 2: abnormal values; 1: extremely abnormal values). Pain intensity and nausea (nociceptive domain) were scored using a 1-5 rating scale with the use of a 'faces' pictorial display to aid ease of response. Muscle strength evaluation was performed using a handgrip dynamometer (MAP Kern & Sohn GmbH, Waagen & Gewichte, Lüdenscheit, Germany).
Data collection and psychometric evaluation
A detailed description of data collected for each patient according to the study protocol has been previously reported. 17 PostopQRS response rates were expressed as the percentage of patients that attempted the survey at T15, T40, D1, and D3, except for physiologic domain which was not measured at D3 evaluation, and activities of daily living which was not evaluated at T15. Scoring was done according to the original scale (Table 1) . 12 Muscle strength was measured at baseline and at T15, T40 and D1.
The validation process of the Portuguese version of the PostopQRS included construct validity, reliability, responsiveness, feasibility and acceptability, which are detailed in Table 2. 18-20 Criterion validity was not applicable as there was no 'gold standard' available to be considered. Test-retest reliability was not applicable given that observations were performed at specific time points after surgery, where changes in score were anticipated.
Statistical analysis
Between-group comparisons (e.g., recovered versus not recovered) regarding quantitative variables (e.g., age) were performed using the Student's t test for independent samples or the Mann-Whitney U test when data were not normally distributed. Categorical variables were compared with the chi-square (χ 2 ) test, the Cochran-Mantel-Haenszel analysis or the Fisher's exact test when appropriate. The Cochran-Mantel-Haenszel test was used to compare group differences over multiple time points. A comparison of the proportion of recovery in each domain between T15 and Scoring is the same as for nociceptive domain.
Activities of daily living Assesses physical return to normalcy through activities of daily living: ability to stand, walk and dress without assistance, and ability to eat and drink.
Scored as 3 = easily, 2 = with difficulty, and 1 = not at all.
Cognitive
Five tests assess orientation, verbal memory, executive functioning, attention, and concentration.
Tests produce performance scores. The tests are derived from validated and extensively used neurocognitive tests that include asking patient's information like the city they are currently, name and date of birth. Memorizing and repeating exercises of numbers and words are also part of the procedure. 12 Overall patient perspective Patients rate of their recovery with respect to their activities of daily living, clarity of thought, ability to work, and satisfaction with anaesthetic care.
Reported on a 5-point scale in the same manner as nociceptive. Return to work is only applied to those who currently work and intend to return to work after surgery.* 
RESULTS
Study patients
The study population included 32 men and 69 women, Figs. 2 to 4 . In the full cohort, (Fig.  2) , recovery was lower for female patients over time in the emotive domain (p = 0.000), most prominently at T15 and T40 after surgery. Recovery was also lower in female patients for the nociceptive domain (p = 0.015), activities of daily living (p = 0.001) and overall recovery (p = 0.006). Sub-analysis (Figs. 3 and 4) according to surgery type showed lower recovery for female patients over time for both general surgery and ENT surgery in the emotive domain 
Reliability
The internal consistency of the Portuguese version of PostopQRS for the domain of activities of daily living proved acceptable at all-time points (Cronbach's alpha coefficient value of 1.000, 0.772, 0.988, 1.000 for T15, T40, D1 and D3, respectively). On the other hand, internal consistency for the cognition domain showed values of Cronbach's alpha coefficient lower than expected at T0 and T40 (0.505 and 0.565, respectively) but acceptable for the remaining time points (Cronbach's alpha coefficient value of 1.000 at T15, D1 and D3).
Different assessments of reliability like test-retest were not applied since PostopQRS analyses changes over time. 
Responsiveness
The Portuguese version of PostopQRS was capable of detecting significant differences in postoperative quality recovery between the NMB reversal agents, sugammadex and neostigmine (Fig. 5) . 17 Recovery over time was better for sugammadex versus neostigmine in the physiologic and nociceptive domains (p = 0.027 and p = 0.002) with the greatest differences at T15 and T40, whereas recovery was higher in the emotive domain for neostigmine (p = 0.046) with the greatest differences at T40 and D3.
For both general surgery and ENT procedures subgroups (Tables 3 and 4) , physiological domain recovery was higher for sugammadex at T40: general surgery (100% vs 75.8%, p = 0.041) and ENT procedures (100% vs 57.1%, p = 0.017).
Feasibility and acceptability
The median (range) time in seconds to perform the PostopQRS assessments was 319 (95 -581) seconds at baseline, 263 (85 -525) seconds at T15, 305 (110 -517) seconds at T40, 291 (135 -491) seconds at D1 and 252 (106 -410) seconds at D3. The percentage of patients that completed all items for all domains was 87% (95% CI; 79% -93%) at T15, 75% (95% CI; 66% -83%) at T40, 65% (95% CI; 55% -75%) at D1 and 94% (95% CI; 87% -98%) at D3.
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DISCUSSION
This study shows that the Portuguese version of the PostopQRS, 12 demonstrates construct validity, reliability, responsiveness, feasibility and acceptability.
The internal consistency of the Portuguese version of PostopQRS for the domain of activities of daily living proved acceptable at all-time points. Cronbach's alpha coefficient values above 0.9 may suggest some item redundancy but, we believe, this is a minor problem and did not affect the validation process. 19 On the other hand, internal consistency for the cognition domain showed values of Cronbach's alpha coefficient lower than expected at T0 and T40 but acceptable for the remaining time points. As construct validity was proven, the lower values do not seem crucial.
The first construct is that recovery should improve over time, which was shown using the Portuguese version, and is consistent with the findings of the original PostopQRS validation paper. 12 For construct 2 (effects of gender on recovery) we found worse recovery for females that was not dependent on the type of surgery. However, cognitive recovery was not affected and this is consistent with the findings of Lindqvist et al 21 using PostopQRS at 30 and 90 minutes in patients undergoing elective surgery under general anaesthesia. In a sub-analysis of the PostopQRS feasibility study, focussing on cognition, gender was not assessed as a variable, and does not allow comparison with this construct. 22 For construct 3 we considered that the percentage of patients recovered on each of the Portuguese version of PostopQRS domains is related with muscle strength recovery, as muscle strength was assumed as a potential surrogate marker for neuromuscular recovery. We were also able to show association between muscle strength for the physiological and cognitive domains while studying construct 3 (so recovery is associated with muscle strength for those domains). Although no other study assessing this construct was found the assumption seemed plausible.
Royse et al showed discriminant validation for the PostopQRS patients undergoing tonsillectomy and nasal surgery 14 and reported a worse recovery profile over the first three days in nociceptive, activities of daily living and overall recovery for the group of tonsillectomy patients as compared to nasal surgery patients. 14 In our study, when assessing responsiveness (recovery is different according to muscle relaxant reversal agent) we were able to discriminate between sugammadex versus neostigmine for both general surgery and ENT procedures.
The other components of validation were acceptable and similar to published date of the English version. 12 In the present study, a convenience sample of patients undergoing elective surgery at two different hospitals in Portugal was used, which could introduce inclusion bias. We attempted to reduce this by performing analyses on groups that were similar (type of surgery or gender). Content validity, or the extent to which the measurement incorporates the domain of the phenomena under study, was assumed as the process has been published with the original PostopQRS validation paper. 12 We did not further consider this aspect of validation. Criterion validity or the extent to which the measurement correlates with an external criterion of the phenomenon under study, was not examined, given that there is no 'gold standard available' to be considered. 
CONCLUSION
The Portuguese version of the PostopQRS showed satisfactory construct validity, reliability, responsiveness, feasibility and acceptability in evaluating the quality of recovery after surgery in the Portuguese population.
